Mesial temporal lobe epilepsy (MTLE) is characterized in humans and in animal models by a seizure-free latent phase that follows an initial brain insult; this period is presumably associated to plastic changes in temporal lobe excitability and connectivity. Here, we analyzed the occurrence of interictal spikes and high frequency oscillations (HFOs; ripples: 80-200 Hz and fast ripples: 250-500 Hz) from 48 h before to 96 h after the first seizure in the rat pilocarpine model of MTLE. Interictal spikes recorded with depth EEG electrodes from the hippocampus CA3 area and entorhinal cortex (EC) were classified as type 1 (characterized by a spike followed by a wave) or type 2 (characterized by a spike with no wave). We found that: (i) there was a switch in the distribution of both types of interictal spikes before and after the occurrence of the first seizure; during the latent phase both types of interictal spikes predominated in the EC whereas during the chronic phase both types of spikes predominated in CA3; (ii) type 2 spike duration decreased in both regions from the latent to the chronic phase; (iii) type 2 spikes associated to fast ripples occurred at higher rates in EC compared to CA3 during the latent phase while they occurred at similar rates in both regions in the chronic phase; and (iv) rates of fast ripples outside of spikes were higher in EC compared to CA3 during the latent phase. Our findings demonstrate that the transition from the latent to the chronic phase is paralleled by dynamic changes in interictal spike and HFO expression in EC and CA3. We propose that these changes may represent biomarkers of epileptogenicity in MTLE.
Introduction
Mesial temporal lobe epilepsy (MTLE), one of the most common forms of partial epilepsy, is characterized by recurrent seizures that originate from the hippocampus, amygdala or entorhinal cortex (EC), and that often occur after a latent phase of many years following an initial brain insult such as febrile seizures, encephalitis, or status epilepticus (Engel, 1996; Gloor, 1997; Salanova et al., 1994) . This latent phase is presumably characterized by reorganization of neural networks and by changes in cellular excitability (Dudek and Staley, 2012) . Interictal spikes, and more recently high-frequency oscillations (HFOs, 80-500 Hz), recorded from patients with MTLE and in animal models mimicking this disorder have been considered markers of abnormal neural network activity (Jefferys et al., 2012a,b) . However, the relation between interictal spikes, HFOs and epileptogenesis remains unclear.
A few years ago, we found that interictal spikes recorded from the hippocampus CA3 area, EC, and amygdala in pilocarpine-treated epileptic rats change in duration and rate of occurrence following the first seizure (Bortel et al., 2010) . More recently, Chauvière et al. (2012) have reported in the hippocampus CA1 area the occurrence of two types of interictal discharges following pilocarpine-or kainic acidinduced status epilepticus: type 1 consisted of a spike followed by a wave whereas type 2 was characterized by a spike without wave. They also found changes over time in the rate of occurrence of these two types of interictal discharge; the rate of occurrence of type 1 spikes decreased from the latent to the chronic phase whereas the rate of occurrence of type 2 spikes increased. Therefore, both studies suggested that interictal spikes may represent a biomarker of epileptogenicity (i.e., the electrophysiological signature of the changes in brain excitability leading to the chronic epileptic condition).
To date, no study has addressed the relation between interictal spikes and HFOs during epileptogenesis. HFOs, categorized as ripples (80-200 Hz) and fast ripples (250-500 Hz), occur in the EEG of epileptic patients and animals in coincidence with interictal spikes but also in their absence, and they are thought to reflect the activity of dysfunctional neural networks (Jacobs et al., 2012; Jefferys et al., 2012a,b; Zijlmans et al., 2009 ). In addition, both clinical and experimental studies support the view that HFOs are better markers than interictal spikes to identify seizure onset zones (Jacobs et al., 2008 (Jacobs et al., , 2012 Jefferys et al., 2012a,b; Jiruska et al., 2010a,b; Urrestarazu et al., 2007) . Finally, it has been reported in pilocarpine-treated animals that during the chronic phase there is a high correlation between interictal spikes associated with HFOs and seizure onset zones (Lévesque et al., 2011) . Therefore, in Neurobiology of Disease 67 (2014) 97-106 
